As a part of the framework of the development of ceramic products, scientific research continues this idea that clays are essential vehicles for local development in Africa; and therefore they deserve to be made profitable. This scientific work has the advantage of providing a solution to the housing of the Sahel area. On the other hand, this study can effectively serve as the basis of data in the formulation of ceramics from clay Maroua, in the region of the Far North Cameroon, for a large-scale industrial operation. Thus, two samples of materials respectively KO1 and IP2 have been the subject of a preliminary chemical and mineralogical size rheological study. Once formed, the tubes containing the KO1 and PI2 materials have undergone heat treatment at successive temperatures of 900˚C, 1000˚C and 1100˚C. The baked products obtained have also been the subject of a study of resonance, coloring density, loss on ignition, water absorption, linear shrinkage, porosity and mechanical compression.
General Properties of Ceramics
The fragile nature of the clay is the major feature that determines preparation techniques and also uses of ceramics. Frailty is a hydra (evil breeds) to many heads as it involves: a lack of ductility and plasticity; low toughness and thus very sensitive to the notch effect; poor resistance to thermal shock, poor resistance to resilience; vulnerability to differential expansion so vulnerability to thermal shock; a tensile strength substantially less than the compressive strength; a significant dispersion of mechanical strength of samples deemed identical [15] . But disability is accompanied by a set of qualities that make ceramic irreplaceable for countless applications: Very good resistance to corrosion; poor conductors of heat (silicate ceramics); poor conductor of electricity; high melting temperature; high stiffness [18] - [20] .
Ceramic Typology
Based on criteria taking into account mainly the open and/or porosity of the ceramic colour, it is customary to distinguish among silicate ceramics, clay products, earthenware, stoneware, porcelain and the vitreous.
Traditional Ceramic or Ceramic Silicate
This is pottery or building products such as tiles, bricks, and flues or pipes towing tile flooring. Long obtained by modeling, drying and firing of clay, but nowadays, the compositions are more complex. They mix the clay and additives. The raw materials are added to water with a plastic dough rheology must be adjusted to the method of shaping. Drying of raw parts is made or broken cell dryer. The cooking end temperature is between 900˚C to 1160˚C. The clay products are porous and mechanically strong. They are appreciated for their aesthetic, their hygrothermal and acoustic properties [21] - [24] .
Earthenware
Called faience ceramic products made of a porous ceramic material coated with glaze. This enamel to hide the appearance of the ceramic and to address the high permeability due to the existence of an open porosity of between 5% and 20%. Although present as an object of fantasy and crockery, earthenware tiles are mainly used as wall covering. These products are prepared from one or more clay added quartz, chalk, feldspar or glass frit [14] [15] the tiles are essentially shaped by slip casting, sizing plastic dough and pressing atomised powder. After drying, the raw product is subjected to a heat treatment called bisque carried out at a temperature between 900˚C and 1230˚C. Deformation and removal of the shard during this stage are limited because of the very nature of refractory raw materials [25] - [28] .
Ceramic Stoneware
Stoneware ceramics are glazed shard, opaque, coloured and virtually impermeable (3% open porosity). They are obtained from a mixture of ball clay and flux grantee sometimes supplemented by sand or chayote. Their shaping is performed by extrusion (pipes, bricks, etc.). The firing temperature is generally between 1120˚C and 1300˚C, it is a critical parameter. Indeed, a sintering temperature leads to an insufficient persistence of significant porosity. And a treatment at a too high temperature leads to the deformation of the parts due to too large amount of liquid formed. If the use requires, sandstone may be a baking [29] - [31] . The sandstones are known for their inalterability's their excellent mechanical performance and resistance to erosion and chemical agents. Are distinguished: chayote stoneware, compounds or fine sandstone, natural sandstone and sandstone creams [17] [18].
China
Due to the raw material used, the shards of porcelain are white and translucent in thin. They have no open, but may present some large porosity closed pores. Their break is bright and glassy in appearance. After glazing, the surface of the parts is remarkably smooth and shiny [32] [33].
Vitreous
Used especially for making sanitary ware and robust dishes. The vitreous is the transition between the sandstone and porcelain white pasta. The bathrooms are usually glazed and glazed in a single treatment, between 1200˚C and 1280˚C [17] [18].
Field Work
Based on the analysis of the available documentation, the sampling sites of clay minerals have been identified in the vicinity of Maroua. On the ground, the work consisted of mapping sampling sites, the lithostratigraphic description of argillaceous rocks, fairly representative of the different clay lithofacies sampling, manual auger drilling or wells to obtain samples little or no altered and finally geo-environmental observations sampling sites. Table 1 gives an overview of the deposits of clay materials inventoried in the town of Maroua. Sampling was carried out on different sites at very different depths. For this, two samples of material were taken in the town of Maroua. This is especially KO1 and IP2. The sampling took place in the open, with manual extraction equipment. As a result, the samples were stored in plastic bags to prevent temperature changes and different weather.
Sampling Sites of Clay Materials

Materials
In our study, natural materials from around Maroua. These materials were chosen because of their abundance, their qualities but also their reputations; can be used as raw material in the ceramic industry [10] . Concerning laboratory equipment, physical tests are performed in the laboratory of Soil and Water Yaoundé; while the chemical and mineralogical analyses are carried out within a research team from the MIPROMALO Yaoundé and Douala LABOGENIE.
Methods
After sampling, we conduct an identification of the mud, and a particle size analysis (dry sieving sedimentometry). Then place the Atterberg limits of determination, followed by chemical and mineralogical analysis of clay materials.
Identification of Raw Land
A range of summary trials may allow us to assess the quality of land. These include:
The smell test: a large concentration of humus is betrayed by a smell "musty" odour characteristic of organic soils.
Test touch: a land with a high proportion of sand has no cohesion. It gives a strong feeling of roughness when it crumbles between the two palms. By silty soil against palms gives an impression of low roughness. And clay is smooth and floury, creamy and sticky if it is wet.
Test brilliance: a paste of ground homogenised and cut with a knife gives a dull appearance if it is low in clay, and is shiny if it is clay.
Adhesion test: a knife penetrates easily into clay slurry and then adhering the slurry that is otherwise for pasta silty sand.
Sedimentation test: based on the principle of washing and sedimentation of a volume of material in 3 volumes of washing water, this test is used to determine the proportions of the various constituents of the soil.
Shrinkage test: removing a plastic paste placed in a mold with smooth walls and left to dry in the sun for 3 days or 7 days in the shade mud is measured. The withdrawal is measured in cm gives an idea of the content of the soil clay [21] - [28] [34].
The Particle Size Analysis
Particle size analysis was done in two stages: particle size analysis by dry sieving and particle size analysis by sedimentometry.
1) Particle size analysis by dry sieving The purpose of particle size analysis by sieving is to know the distribution of the particles of size greater than or equal to 80 microns. The aim of the test is to draw the grading curve which illustrates the evolution of the weight percentages amiss of (or refusal) accumulated based openings mesh sieve. The idea is to split it into several categories of soil grains (or particles) of decreasing dimensions through a sieve stack manually finally get a better screening and have the best results when calculating different percentages. The apparatus consists of a column of standardised sieve opening, a vibrio-sieve trays, a precision balance sensitive to centigram, a thermostat oven, and a wire brush [5] [6] [21]- [24] .
2) Particle size analysis by sedimentometry
It is used to determine the distribution of the particles of a soil of which the largest dimension is 80 microns. It complements the size sieve analysis, and can find the full size curve. Sedimentometry involves measuring the density of a solid immersed in water suspension according to the sedimentation rate of the particles. The principle is based on the sedimentometry Stokes law which expresses, from equilibrium, the relationship between the settling speed and the diameter of a spherical particle supposed [5] [8].
Atterberg Limits
Is determined by this test the limits of liquidity and plasticity of a soil. It is realised on the floor portion of 400 μm sieving. Atterberg limits are geotechnical parameters to identify and characterise its ground state. The transition from the solid state with withdrawal in the plastic state is the plastic limit WP noted. The transition from plastic to liquid state corresponds to the liquid limit WL noted. The difference between the liquid limit and plasticity defined plasticity index that provides information on the extent of the plastic field soil [7] [35]- [37] .
Chemical Analysis
It is here by XRF is caused by various forms of excitation other than the light emitting heat (sometimes called "cold light"). It can be used to characterise, among other material. The principle is the following: when a photon encounters an atom X, it has a chance to eject an electron from heart by photoelectric effect. The atom is then in an excited state. The excitation is done by an electronic transition: an electron from a higher level "down" to fill the vacuum quantum box. This transition causes the electron emission of an X-ray photon that is the X-ray fluorescence energy level being the electronic characteristics of atoms, the energy of the photon will be. In analysing the issue of a sample after irradiation spectrum, we will be able to identify the elements it contains and taking the necessary precautions to determine their concentration [35] - [38] .
Mineralogical Analysis
This test is performed by X-ray diffraction (XRD). X-rays, such as light, are electromagnetic radiation. When electromagnetic radiation encounters a charged particle such as an electron, it induces a periodic movement of the electrical charge. In the case of an encounter with an atom, it is all the electrons surrounding the atom coming into oscillation. Each atom of a crystal is the center of a spherical wave whose intensity is proportional to the number of electrons. These are spherical waves interfering with each other, that is to say, their intensity is increasing in certain directions of space and cancels in other directions each. It is this constructive and destructive interference between the spherical waves that are at the origin of the phenomenon of X-ray diffraction by the crystal [25] - [28] [38].
Formulating Ceramic Products
Various formulations for the synthesis of ceramic products are made by varying the content of feldspar from 0% to 30%, to a range of 10% from the masses of dry powders. Feldspars contents are respectively 10%, 20%, and 30%. The various mixtures were then moistened with distilled water until the plastic limit of water, and the shaping is carried out in molds and disk-shaped cylinder. After this processing the specimens are dried in the open air inside the laboratory for 24 hours for 48 hours and hard rolls. Should then continue drying in the oven set at 105˚C for hard to directly observe a change in size and weight of less than 0.1%. And then the cylinders with a change in temperature to 105˚C. The samples of each formulation formed after drying, are heat-treated in a programmable oven for four cleaning temperatures: 900˚C, 1000˚C, 1100˚C, 1200˚C. The rate of temperature rise is 5˚C/min and the bearing for two (02) hours for each temperature studied. Figure 1 clearly shows the distribution of sample temperature and percentage of additive in the mixture [25] - [28] [39]- [41] .
Shaping
For making disks, we use a mixture of 20% water to KO1 0% and 10% builder, we also use 18% water and 30% to 20% builder. PI2 concerning the sample, we use 20% of water and 0% to 10% builder; 18% water and 15% respectively 20% and 30% for adjuvant. For each disk we used 20 g of mixture. For making solid cylinders we use 180 g mixing. 
Grinding Materials
Clay materials are first crushed, and then passed through a sieve full of 315 μm. Regarding the laboratory grinder we used a wood crusher.
Mixing the Materials
The clay material is mixed with the adjuvant at different concentrations (0%, 10%, 20%, 30%) dry first, then, is gradually added to a specific volume of distilled water. The percentages of water used varied between 15% and 20%.
Manufacturing or Molding of Specimens
After mixing the material is the molding phase. The moistened mixture is filled into the mold steel on a horizontal support, by exerting manual pressure. The proceeds are subsequently removed from the mold and the specimens obtained are deposited in a location where they are dried at room temperature for a period of 48 hours.
Drying
This phase takes place in two (02) steps. Whether for discs or cylinders. After shaping, the specimens in the open air are allowed inside the laboratory for 48 hours. Then these specimens were placed in an oven set at 105˚C for 24 hours.
Baking
This is the phase of the heat treatment allowing the agglomeration between particles, leading to a new product. Cooking is a cycle in three stages: the rise in temperature controlled, followed by maintaining the temperature to a certain value and finally, the gradual cooling to room temperature [5] [6] . The specimens were processed in the laboratory of Yaoundé MIPROMALO temperatures of 900˚C, 1000˚C, 1100˚C and 1200˚C according to the following program: temperature rise of 5˚C/min and held the bearing temperature and cook for two (02) hours [39] - [41] .
Analysis Curatives
1) Water Absorption It gives the material by the moisture over a long period taken. The specimens were dipped in a water bath for six (06) hours of time; the amount of water absorbed is measured. The goal is to determine the amount of water absorbed by the sample as a function of the increase of the firing temperature [5] [6] .
2) Percentage of Pore Space The specimen is placed in cold water and then boiled for two (02) hours of time in order to remove air from the pores and saturate with water. Finally, the new weight of the sample is measured [5] [6].
3) Loss on Ignition The loss on ignition (LOI), expressed as a percentage, is the weight loss of a sample after calcination, based on the initial weight (air drying) [5] By definition, the apparent density of a compact is defined as the quotient of the dry weight of the finished product, the volume occupied by the solid material, including voids contained in the grains. Measuring a density following the determination of the percentage of water absorbed in a balance beam, and immersed in a beaker of distilled water [5] [6] [13]- [15] . 5) Linear Shrinkage Determining the value of shrinkage is by consideration of the variation of the average length of the recorded product between the drying at 105˚C and baking at various temperatures lines [5] [6].
6) Resonance The resonance of a baked product was observed by hitting with a metal bar. The emitted noise can be matte or metallic [5] [6].
7) Colour Colour is one of the criteria used for the selection of raw materials ceramic. Clay that cook red or yellow can be used in pottery; mud bricks and tiles, as rich in iron oxide. Those who cook are less white and fuses can be used without adding in the production of refractory materials. Between these two extremes can be used in the production of stoneware and earthenware [5] [6] [13]- [15] .
8) Strength
The compression test is used to determine an approximate compressive strength of the specimen well with an apparatus quarry reference measurement. Compression is done on a device called compress and its unit is the newton [5] [6].
Results and Discussion
Analysis of Raw Products
Preliminary Tests
Simple preliminary tests namely: the feel, smell, test hand washing, and the bottle test showed that: the sample KO1 has a silty texture of coarse massive structure of existing elements. KO1 is "coloured earth" that is to say, dark gray, friable consistency, compact wet with no organic matter. The test showed that the bottle of the inert aggregate proportion is sufficient [13] - [15] . The sample PI2 is itself of dark gray colour. Coarse elements are less abundant, with a slight presence of organic matter. The texture is sandy clay, massive structure of a compact consistency, hard brittle when dry. According to preliminary results the soil is used.
Linear Drying Shrinkage
The linear shrinkage on drying cylinder is obtained for the samples at each PI2 KO1 and percentage of additive in the mixture. Figure 2 shows the results of measurements of linear shrinkage during drying.
The linear drying shrinkage decreases with increasing of the adjuvant and is higher in the sample than KO1 sample PI2. The builder has a degreasing effect. The degreasing effect would be helped by the presence of quartz and mineral non-phyllitous. Figure 3 and Figure 4 present the results of particle size analysis by sieving and sedimentometry clay materials Kongola and Pitoaré. The particle size analysis shows that the material KO1 and PI2 material have almost the same clay and the same fractions silt fractions with a slight difference. The sample has large fraction KO1 gravel relative to PI2, while the sample has a large PI2 sand fraction versus KO1. Rates clay fraction are respectively 14 and 14.1. Rates sand fraction are 61.4 and 66.8 for KO1 sample PI2 leaving suggests that the sample has a KO1 plasticity index much greater than that of the sample PI2 [35] - [41] .
Particle Size Analysis
Atterberg Limits
We have the values of liquidity limits as follows: 36.7 for KO1 and 23.5 for PI2. We also value obtained as the limits of plasticity 24.4 and 23.5 respectively for samples KO1 and IP2. Table 2 gives the results of the rheological analysis.
The values of the plasticity index are between 5 and 15, and then our samples are not plastics. The values obtained are in the range of plasticity indices used for tiles and tiles [42] .
Mineralogical Analysis
The X-ray diffrractogrammes materials studied show the clay minerals, feldspathic minerals, oxides, hydroxides, phosphates, sulfates, and quartz. Table 3 shows the results of mineralogical analysis of clay materials.
Analysis Curatives
Resonance
Resonance gives a quick idea about the heat of a ceramic product. The intensity of the metal is proportional to the amount of glassy phase and mullite formed. Mullite is a stable inorganic high temperature, which provides the mechanical properties of material [19] . Our materials are reactive, and chemical reactions have taken place between 900˚C -1000˚C. Samples of 0%, 10%, 20%, 30% gives a slight metallic sound to 900˚C -1100˚C [35] - [41] .
Colour
The colour is determined by the presence of oxides of iron, titanium, and other impurities. The colour depends also on the condition of cooking; the oxidising atmosphere more or less, the maximum temperature [7] . Materials that do not belong to the domain cooked white clay when it has porosity greater than 6% and the field of sandstone when the product is more dense [17] . And our baked at 900˚C and 1000˚C belong to terracotta and can be used for the manufacture of bricks land cotta pottery. While baked at 1100˚C belong to cooked for percentages of 0%, 10% land and 20%, whereas 30% we see already appear very dark colours. Very dark colour is that of sandstone [17] [35]- [41] .
Linear Firing Shrinkage
When a material is subjected to heat occurs physicochemical transformations, these transformations from the water of hydration and the water content is removed, the polymorphic transformation of the quartz β quartz and certain chemical reactions which lead to the formation of new mineral phases (mullite, ilmenite, tridymite). During these transformations there approximation particles, resulting in a decrease in length: linear shrinkage. The linear shrinkage is a translation of the reactivity of the material [11] [35]- [41] . Figures 5-7 present the linear shrinkage during cooking at 900˚C, 1000˚C and 1100˚C respectively. Temperatures in the 900˚C to 1000˚C, the materials have low withdrawal and removal decreases as the percentage of feldspar in the mixture increases. At temperatures below 1100˚C (<1100˚C) remains inert quartz, clay minerals and 1/1 are also because their spaces are not inerfolières variables. At the temperature of 1100˚C the shrinkage increased and a variation of 0.6 with the increase in average temperature. Is observed at temperatures below 1000˚C, the temperature has very little influence adjuvant. And at a temperature of 1100˚C the temperature effect is noticeable, and removal increases significantly until the value of 5.19%.
Loss on Ignition
The results show that the loss of ignition is in the range of temperature studied. The loss on ignition is an important feature to express the amount of organic matter present in the starting materials; it reflects the degree of vacuum and the percentage of water absorption. Dehydration reactions, the carbonation, combustion of organic matter, the decomposition of some minerals [33] [35]- [39] [41] . Figures 8-10 present the Lost in fire at 900˚C, 1000˚C and 1100˚C respectively.
Water Absorption
Dehydrations reactions, the carbonation, combustion of organic matter, in certain minerals induce decomposition of the starting gas and water vapor which is interconnected pores appear to exist induce high absorption values water [11] . respectively.
For our product, temperatures between 900˚C, 1000˚C and 1100˚C the absorption decreases with increasing temperature and increase with increasing percentage of the mixture of feldspar. It is observed that below 1000˚C the temperature remains stable adjuvant and begins to vitrify at temperatures of over 1000˚C.
Bulk Density
The increase in density is closely correlated to the linear shrinkage. An increase in density generally results in an increase of linear shrinkage and a decrease in the water absorption [12] . Figures 14-16 present the apparent mass volumique at 900˚C, 1000˚C and 1100˚C respectively.
Porosity
The results show that the porosity of the product to temperature ranges of 900˚C to 1000˚C is still high. The sample values are higher KO1 900˚C and 1000˚C than those of sample PI2, and lower than 1100˚C. Figure 17 and Figure 18 present the percentage of porosity at 900˚C and 1000˚C respectively. This shows that the vitrification of the sample is higher KO1 than PI2. These values are in the range of terracotta, they exceed 15%. In this temperature range, the melt process ability of crystalline substances is not sufficient [25] - [28] .
Compressive Strength
Resistance gives an idea of the quality of compaction and volume of voids in the material. The higher the value of the resistance of the sample, the higher the sample bears the stress before breaking. As the intensity of the bond between atom sample will be great with the evolution of resistance. In our case, the difference in resistance between the two samples is not large and is not noticeable at temperatures less 1000˚C. The KO1 sample has a slightly higher temperature of 1100˚C values. KO1 specimens stabilised at 30% feldspars and fired at 1100˚C show the highest resistance (23.84 MPa). This resistance is close to that of the concrete (25 MPa) [25] - [28] . Figure 19 and Figure 20 present the compression test at 1000˚C and 1100˚C respectively. 
Conclusion and Outlook
These results reveal the most suitable formula sample KO1 30% feldspars at 1100˚C firing temperature. However it is possible to incorporate silica powders in the material to improve its compressive strength. Perspectives for further applications in industry are necessary to perform tests of formulation for glazing with the same feldspar or other used fluxes. In addition to having a clear idea of our cooking products, chemical analysis baking products will also be very important to clarify some results. It will also be important to conduct cooking tests between 1200˚C -1400˚C for different amounts of feldspar and appropriate mechanical analysis of these products, in order to discover other applications such as high-density stoneware. 
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